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Correlation between activity and acidity on zeolites: a high
temperature infrared study of adsorbed acetonitrile
Fre´de´ric Thibault-Starzyk ∗, Arnaud Travert, Jacques Saussey and Jean-Claude Lavalley
Laboratoire Catalyse et Spectrochimie, CNRS–Institut des Sciences de la Matie`re et du Rayonnement, 6 Boulevard du Mare´chal Juin,
F-14050 Caen Cedex, France
E-mail: fts@ismra.unicaen.fr
The influence of the temperature on the protonation of acetonitrile by acidic zeolites was studied by infrared spectroscopy. Acidity at
room or low temperature was not correlated with the protonation temperature, but the zeolitic structure played an important role. A new
technique is presented for the study of the acidity of solids under reaction conditions. A good correlation was obtained in a series of
various zeolites between the catalytic activity in the cracking of n-hexane and the protonation temperature of acetonitrile.
Keywords: solid acid catalysis, acidity, in-situ infrared spectroscopy, acetonitrile, n-hexane cracking
1. Introduction
The final aim for the characterization of the acidity of
solids is the understanding of catalytic reactions. A pre-
cise and accurate description of the acidity of a solid (i.e.,
number, strength and environment of the sites) should al-
low a correlation to be made with the catalytic activity, if
not a forecast. Many disagreements exist, though, among
the various characterization methods and between these and
measurements of catalytic activity. The understanding of
the acidity of solids is an issue that still persists, particu-
larly in the field of zeolite chemistry, where the micropores
can play a role through confinement or steric effects (su-
peracidity has not been given a satisfactory definition for
solids up to now). Some catalytic measurements lead to
the hypothesis that H-ZSM5 zeolite could have superacid
properties, but studies by adsorption of probe molecules
have not been able to confirm this result.
Infrared spectroscopy of adsorbed probe molecules is a
technique of choice for the study of acid sites in solids [1].
This spectroscopy allows the observation of modifications
arising on the surface of the solid, in the micropores of zeo-
lites, particularly for the Brønsted acidic hydroxyls. It also
allows modifications in the probe molecule to be monitored
upon adsorption. The main drawback of probe molecules is
that they are mostly used in conditions (e.g., temperature)
not representative of the reaction of interest. This could
partly explain the discrepancy between infrared studies and
catalytic measurements.
In this paper we present the characterization of the acid-
ity of various types of zeolites, by probing their interaction
with carbon monoxide (low temperature measurements) and
acetonitrile (high temperature measurements: 298–673 K).
Results were correlated with n-hexane cracking at 673 K.
∗ To whom correspondence should be addressed.
2. Experimental part
2.1. Samples
Four zeolitic samples were studied.
H-MOR is a mordenite from “La Grande Paroisse”,
treated in the presence of water vapor at 810 K, and washed
with nitric acid (1 N). The resulting Si/AlIV is 10.4.
H-Y was synthesized at the Institut Franc¸ais du Pe´trole,
exchanged by NH+4 down to 280 ppm Na+, and dealumi-
nated by isomorphic substitution. It contained almost no
extraframework aluminum and had a Si/AlIV ratio of 5.5.
H-MFI was synthesized at the “Laboratoire des Mate´-
riaux Mine´raux” in Mulhouse, in fluoride medium, and fur-
ther exchanged with NH+4 ions. No extra framework alu-
minum was detected by 27Al NMR, and the Si/AlIV ratio
was 10.8.
H-FER was also synthesized in fluoride medium at
the “Laboratoire des Mate´riaux Mine´raux” in Mulhouse
(France), and exchanged with NH+4 ions. The resulting
Na content was below 50 ppm and the Si/AlIV ratio 13.8.
2.2. Infrared spectroscopy
Infrared spectra (128 scans) were recorded with a Nico-
let Magna 750 II spectrometer, with a MCT detector, with a
resolution of 2 cm−1, the Happ–Genzel apodization func-
tion was used. Influence of atmospheric CO2 was mini-
mized by flushing the spectrometer with dry nitrogen.
Infrared spectra of adsorbed carbon monoxide were
recorded in a quartz low pressure–low temperature trans-
mission cell. The catalyst (15 mg self-supporting wafer,
2 cm in diameter) was activated at 725 K (heating rate 1 K
min−1 under 10−4 Pa). CO was adsorbed at low tempera-
ture (100 K) at an equilibrium pressure of 20 mbar.
Infrared spectra of adsorbed acetonitrile were recorded
in a low pressure catalytic diffuse reflectance cell from
Ó J.C. Baltzer AG, Science Publishers
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SpectraTech. The catalyst (25 mg in the sample cup) was
activated 2 h at 10−4 Pa or under dry nitrogen flow at
725 K (heating 1 K min−1), and thereafter cooled down
to 295 K at 5 K min−1. After activation, deuterated ace-
tonitrile (130 Pa) was introduced in the cell at 325 K, the
cell was then closed, heated at 5 K min−1 up to 725 K
and subsequently cooled down to 325 K at the same speed.
Infrared spectra were recorded in-situ.
2.3. n-Hexane cracking
The experimental procedure has already been describ-
ed [2]. The reactivity measurements were done in an
infrared-micro reactor cell. The catalyst was used as a self-
supporting wafer (16 mm in diameter, ca. 0.2 mm thick
and 15 mg). The hydrocarbon was used at 0.06 bar par-
tial pressure in nitrogen at a weight hourly space velocity
(WHSV) of 4 or 40 h−1. GC analysis was performed on a
PLOT column, stationary phase Al2O3/KCl.
3. Results and discussion
3.1. Infrared spectra of solids in the absence of probe
molecules, influence of the temperature
For each of the studied catalysts, a first group of bands
can be seen in the spectral region between 3500 and
3800 cm−1 (figure 1). The band situated around 3750 cm−1
corresponds to the ν(OH) of the silanol groups, the bands
at lower wavenumber correspond to the vibrations of the
bridged hydroxyls (Si–OH–Al), the Brønsted acid sites.
Mordenite presents two different types of acidic hydrox-
yls, depending on their localization in the micropores (fig-
ure 1(a)): the hydroxy groups situated in the main channels
lead to a band at 3604 cm−1, while the hydroxyls in the
side pockets are visible in the spectrum under the form of
a shoulder at 3585 cm−1 [3]. In the spectrum of the Y
zeolite (figure 1(b)), the two bands at 3552 and 3632 cm−1
are usually denoted as LF (low frequency) and HF (high
frequency). The Y zeolite contained a very small amount of
silanol groups, as shown by the weak intensity of the corre-
sponding band. We chose not to use a sample of zeolite Y
presenting the band at 3600 cm−1, because the correspond-
ing hydroxyl exhibits very peculiar properties, and is linked
to the existence of extraframework phase. In the spectra of
H-MFI and H-FER, the bridged hydroxyls appeared under
the form of a single band located at 3611 and 3599 cm−1,
respectively. These zeolites also presented some silanol
groups.
The bands appearing below 2000 cm−1 are combina-
tions of vibrations of the zeolitic structure. The infrared
technique employed was diffuse reflectance infrared spec-
troscopy (DRIFTS), which does not allow a simple inter-
pretation of the spectral region below 1500 cm−1.
Upon heating of the solids, the infrared absorption bands
are shifted towards lower wavenumbers, thus following a
general mechanism. The bands corresponding to the hy-
droxyls are shifted 15 cm−1 lower when heating from 300
to 725 K. This phenomenon had sometimes been attributed
to an increase of the acid strength of the hydroxyls upon
heating, but this interpretation makes no allowance for the
shift of all the other bands in the spectrum which do not
correspond to acidic groups. Such a shift is a general
fact linked to the influence of the temperature on a crys-
talline framework and to the anharmonicity of the vibra-
tions. Upon cooling, the bands are shifted towards higher
wavenumbers.
Figure 1. Diffuse reflectance infrared spectra of the activated zeolites. (a) H-MOR; (b) H-Y; (c) H-MFI; (d) H-FER. F (R∞): Kubelka–Munk remission
function. The spectra are not on a common scale because of the non-quantitative aspects of diffuse reflectance from one sample to the other.
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3.2. Adsorption of probe molecules
Carbon monoxide (CO) is a probe molecule used rou-
tinely. It has often been described as the ideal probe for the
study of the acidity by infrared spectroscopy [1], because
of the detailed characterization it provides and because of
its small size allowing it to reach most of the sites. Ad-
sorption of CO is performed at low temperature (100 K).
Being a very weak base, CO forms hydrogen bonds with
the various acidic hydroxyls of solids and zeolites. The
red shift D νOH of the ν(OH) vibration upon adsorption of
CO is correlated to the strength of the interaction between
the site and the probe, and thus to the strength of the acid
site. At the same time, ν(CO) is shifted from the position
of the band in the gas phase towards higher wavenumbers
and D νCO is also correlated to the strength of the acidic
sites. The more acidic sites are preferentially affected by
CO, and successive adsorption of small doses of CO allows
a ranking of the strength of the various sites.
Besides CO, pyridine is the probe used most often. It
can discriminate Brønsted acid sites, giving rise to proto-
nated species, from Lewis sites, interacting with the probe
via a coordination bond. Pyridine is too strong a base to
differentiate heterogeneous Brønsted acid sites. Tempera-
ture programmed desorption of protonated species is the
only way to study the strength of the sites using pyridine,
but the results often suffer from diffusion problems that
prevent their direct use. Acetonitrile is not used very of-
ten, but it is a probe with medium basicity that can interact
with Brønsted sites to form, depending on the strength of
the site, protonated species or species strongly bound via
a hydrogen bond. The pKa of CH3CNH+ is −11.8, and
protonation of acetonitrile only takes place with acids ap-
proaching the limit of superacidity. CD3CN is generally
used in place of CH3CN because the latter molecule dis-
plays in the ν(C≡N) region, used to characterize the acidity,
not only one but two bands. This is due to a Fermi reso-
nance between the fundamental ν(C≡N) vibration and the
combination δS(CH3) + ν(C–C). This interaction does not
exist in the case of CD3CN, which presents in the liquid
state only one ν(C≡N) band at 2263 cm−1.
3.3. Adsorption of CO
Figure 2 shows the difference spectra between the results
obtained after and before adsorption of CO at 100 K on the
four samples. The two different hydroxyls of mordenite
were affected (figure 2(a)), the D νOH shift was 338 cm−1
(relative to the activated material) but, partly due to the very
low extinction coefficients of the OH bands on this catalyst,
it was not possible to differentiate the two D νOH for the
two different sites. The ν(CO) vibration bands were more
easily resolved, and the hydroxyls in the main channels of
the zeolite lead to a ν(CO) band at 2176 cm−1. These
hydroxyls were found to be more acidic than those from
the side pockets, which correspond to a ν(CO) band at
2169 cm−1, as we checked by successive introduction of
small doses of CO. CO interacted differently with the two
types of hydroxyls of the Y zeolite (figure 2(b)). The HF
sites, more acidic, were first affected, leading to a D νOH of
305 cm−1, and a ν(CO) band at 2176 cm−1. The LF sites
were nearly not affected. The MFI zeolite presented weaker
sites than the Y zeolite since D νOH was 301 cm−1 and
ν(CO) showed up at 2174 cm−1 (figure 2c). The hydroxy
groups of H-FER zeolite presented the weaker acid strength
with respect to CO, with D νOH = 296 cm−1, and ν(CO) at
Figure 2. Infrared transmission difference spectra of CO adsorbed on zeolites at 100 K, corresponding to 5 mg cm−2 of catalyst. The amount of CO
was adjusted to reach the saturation of the Brønsted acid sites. (a) H-MOR; (b) H-Y; (c) H-MFI; (d) H-FER. I: Absorbance.
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2172 cm−1 (figure 2(d)). Vis-a`-vis CO at low temperature,
the decreasing acidity ranking was thus
H-MOR > H-Y > H-MFI > H-FER.
3.4. Adsorption of perdeuterated acetonitrile
Upon formation of a hydrogen bond on a solid acid,
the ν(C≡N) vibration is shifted from 2263 cm−1 in the
liquid phase to ca. 2300 cm−1. The spectrum then shows
three very broad bands around 2900, 2400 and 1700 cm−1,
corresponding to a very broad ν(OH) band with two Evan’s
windows because of the overtones 2δ(OH) and 2γ(OH) [4].
This pattern disappears upon protonation of acetonitrile and
the ν(C≡N) band is then shifted to ca. 2320 cm−1. It
should be noted that this band is approximately at the same
position as the one observed when CD3CN is in interaction
with strong Lewis sites, which raises difficulties for the
interpretation when the two types of sites are present.
We adsorbed deuterated acetonitrile on the samples at
300 K (figure 3). More basic than CO, acetonitrile reached
all the zeolitic hydroxyls. The shift D νOH was difficult to
measure because of the Evans windows cutting the ν(OH)
into several separate broad bands. Interaction of the two
separate hydroxyls of mordenite or Y zeolite with CD3CN
did not give rise to separate ν(C≡N) bands. The position
of the ν(C≡N) band did not change noticeably from one
sample to the other (2298 cm−1), but the amount of Lewis
acid sites was important in the case of mordenite and in a
lesser extent in the case of ferrierite, as was verified by the
adsorption of pyridine. The acidity ranking with acetoni-
trile at room temperature was difficult to establish, it was
mainly in agreement with that obtained with CO at low
temperature.
3.5. Influence of the temperature: acidity scale in reaction
conditions
Figure 4 shows the infrared spectra observed upon heat-
ing deuterated acetonitrile adsorbed on H-FER. Several
phenomena were observed simultaneously on the zeolite,
which lead to complex modifications in the spectra. First,
the intensity of the free hydroxyls increased when the tem-
perature increased. This can be explained by the partial
desorption of the probe from the surface of the solid. The
equilibrium
CD3CN + H-OZ ­ CD3CN· · ·H—OZ
was, as normal, shifted to the left upon heating. The in-
tensity of these hydroxyl bands was even increased by the
fact that all infrared absorption bands are more intense at
high temperature in a spectrum recorded by the diffuse re-
flectance technique.
At 473 K, some new bands appeared in the spectrum
around 2645 and 2755 cm−1, and continued to increase with
the temperature. These were due to OD groups appearing
on the surface of the solid because of hydrogen–deuterium
exchange between the zeolite and the probe molecule (lead-
ing also to a weaker intensity in the ν(OH) region). At
the same time, small bands could also be seen around
3000 cm−1 due to the apparition of C–H bonds in ace-
tonitrile.
The characteristic pattern for the hydrogen bond dimin-
ished when the temperature increased. The intensity of the
ν(C≡N) band at 2300 cm−1 and that of the ν(OH)bonded
bands at 2420 and 2780 cm−1 diminished. Another small
band at 2115 cm−1 decreased, it was due to the νs(CD3)
vibration.
Contrarily, the intensity of the band at ca. 2315 cm−1
strongly increased with the temperature. This band cor-
Figure 3. Diffuse reflectance infrared spectra of CD3CN adsorbed on zeolites at 300 K. (a) H-MOR; (b) H-Y; (c) H-MFI; (d) H-FER. F (R∞):
Kubelka–Munk remission function.
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Figure 4. Diffuse reflectance infrared spectra of CD3CN adsorbed on H-FER at various temperatures. (a) Spectra from 4000 to 1500 cm−1;
(b) enlargement of the zone around 2300 cm−1. Wavenumbers are given as approximate values because of their dependence on temperature. F (R∞):
Kubelka–Munk remission function.
responds to the protonated acetonitrile species, acetonitril-
ium [5]. Figure 4(b) is an enlargement around 2300 cm−1
of the spectra obtained during the heating period. The red
shift of the bands upon heating was clearly visible. We
could also see the decrease of the band around 2290 cm−1
down to zero, because of both protonation and desorption,
while the band at ca. 2315 cm−1 increased. It should be
noted that the intensity of the latter band at 298 K came
from the presence of Lewis sites in the sample, which
we have been able to verify by adsorption of pyridine.
We have also checked that heating leads to desorption of
CD3CN from these sites and to a decrease of the contribu-
tion of these Lewis sites to the intensity of the band at ca.
2315 cm−1.
Figure 5 shows the spectra obtained when performing
several successive cycles of heating and cooling of ace-
tonitrile on H-FER. Non-deuterated acetonitrile was used in
this experiment to avoid the problems of isotopic exchange
with the zeolitic hydroxyl, which lead to more complicated
spectra. Nevertheless, the spectra recorded at a given tem-
perature were perfectly superimposable, upon heating as
well as upon cooling between 423 and 673 K. This demon-
strates that the protonation of acetonitrile on the zeolite
was reversible: the increase of the quantity of protonated
acetonitrile did not correspond to an activation of the pro-
ton transfer from the zeolite to the probe, but it was rather
linked to a shift of the acid–base equilibrium with the tem-
perature, in favor of acetonitrilium:
CD3CN· · ·H—OZ ­ CD3CNH+ + −OZ
The influence of the temperature on the protonation could
be determined by the measure of the temperature of the
Figure 5. Diffuse reflectance infrared spectra of CH3CN adsorbed on H-
FER, recorded during successive heating and cooling cycles on the same
sample. F (R∞): Kubelka–Munk remission function.
inversion of the equilibrium between acetonitrile in the hy-
drogen bound state and in the protonated state. The amount
of each chemical species could be measured by the inten-
sity of the infrared absorption bands. We had to overcome
two problems for this measurement. First, the quantity of
adsorbed species on the solid decreases when the tempera-
ture increases because of desorption. The second problem
was the increase of the intensity of the absorption bands
with the temperature for spectra recorded in DRIFTS. To
solve these problems, we divided the measured intensities
by the sum of the intensities of the bands corresponding to
the ν(C≡N) of both species, protonated and unprotonated.
To take into account the general increase of the intensity
of absorption bands with the temperature, one can divide
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Figure 6. Influence of the temperature on the protonation of CD3CN on the various zeolites: X is the ratio of the height of the bands at ca. 2315
(protonated species, (•)) and ca. 2390 cm−1 (H-bound, ()) to the sum of the heights of the two bands.
the intensity of the band by that of a band corresponding
to a vibrator remaining constant throughout heating, such
as a framework vibration. Using a ratio of intensities, this
normation intensity appears on both sides of the ratio, and
thus simplifies itself. The corrected intensities we use allow
therefore to neutralize the influence of temperature on the
intensity of the bands.
We could then reach, assuming that the extinction co-
efficients were the same, the molar fraction of the two
species in the adsorbed phase. Figure 6 shows the variations
in the corrected intensities of the absorption bands of the
ν(C≡N) of the two chemical species (at ca. 2290 cm−1 for
the hydrogen bound and ca. 2315 cm−1 for the protonated
species) as a function of temperature for each zeolite. The
corrected intensities remained stable up to a certain tem-
perature. Then the relative amount of protonated species
started to increase, corresponding to a decrease of the rel-
ative amount of hydrogen bound acetonitrile. At higher
temperature, the relative amount of each species reached a
stable level (with H-MFI and H-Y, these temperatures could
not be reached). At the crossing point of the two curves, the
amount of each species would be the same, assuming that
the extinction coefficient for the ν(C≡N) were the same.
In fact, an experiment with a stronger base (CF3CN) gave
evidence for a significant difference between the extinction
coefficient of the ν(C≡N) band of the protonated species
and that of the hydrogen bound acetonitrile: the amount
of protonated species are probably overestimated. Nev-
ertheless, these extinction coefficients remained much the
same from one solid to the other, and comparison between
two zeolites remained meaningful. At the crossing point,
the relative amount of protonated species was the same for
all the catalysts. The corresponding temperature can be
used for the inversion temperature of the protonation. The
lower the inversion temperature, the lower the temperature
needed for the protonation. The inversion temperature for
the protonation of CD3CN was 480 K on H-MOR, 525 K
on H-FER and 600 K on H-MFI. The H-Y zeolite did not
protonate significantly acetonitrile below 625 K.
The corrected intensities at room temperature in figure 6
gave an indication of the influence of Lewis sites on the
measurements. Lewis sites lead to a band at the same po-
sition as the protonated species, and when the amount of
Lewis sites was very important, the intensity of the band
corresponding to the protonated species was overestimated.
The gap between the two curves was then diminished: an
important amount of Lewis sites did not change the posi-
tion of the intersection of the two curves (protonated and
unprotonated) but rather the height of the plateau before
protonation. On some particular zeolites, containing an im-
portant amount of Lewis sites, the study of the protonation
of acetonitrile was even impossible.
The protonation temperature could thus be used to estab-
lish an increasing ranking H-MOR < H-FER < H-MFI <
H-Y, corresponding to a decreasing ranking for the acidity
at high temperature vis-a`-vis acetonitrile. This ranking was
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different from that observed at low temperature with CO
or at room temperature with acetonitrile. The strength of
the acid sites was thus not the only factor influencing the
protonation temperature: the structure variations between
the various zeolite types had an influence on it. It was
thus possible to reach the confinement effect of the probe
in the active site. This effect could increase the reactiv-
ity of acetonitrile towards the acid site [6] and stabilize
the protonated species via relaxation phenomena [7]. The
stabilization of protonated species by interaction with the
walls of the solid host should be strongly dependent on the
nature and structure of the guest molecule, and acetonitrile
is a better candidate to model the behavior of the reactant
than carbon monoxide.
Reversible protonation of acetonitrile at high tempera-
ture on a H-ZSM5 zeolite has already been evidenced by
solid state MAS NMR [7]. The authors evidenced a distor-
tion of acetonitrile by the zeolitic framework at high tem-
perature, which stabilizes the protonated species. We have,
using a series of zeolites of different structure, been able
to confirm that the zeolitic structure plays a major role. In-
frared did not though allow the detection of the described
sp2 protonated species: the ν(C≡N) band in the infrared
spectrum of the protonated species shows that the acetoni-
trilium is mostly in the sp state, as previously described
by Olah in superacid solutions [5]. He observed the same
infrared bands for the protonated species as the ones we
report here (and the ν(NH) also remained undetectable in
his system).
3.6. Activity observed in the cracking of n-hexane
To be able to compare the results of the protonation of
acetonitrile at high temperature with reactivity, we have
studied the cracking of n-hexane, a very demanding test
reaction to measure the activity of acid catalysts [8,9]. We
compared the activity of three of our samples for this re-
action: H-Y, H-MFI and H-MOR (figure 7). Some of the
Figure 7. Activity of zeolites in the cracking of n-hexane at 673 K
(WHSV: 4 h−1).
Table 1
Cracking of n-hexane at low conversion (WHSV = 40 h−1)
P/O ratio and CMR [11].
HY HMFI HMOR
% Conversion 0.38 2 6
P/O 0.9 1 1.9
C1+ S C2
i-C4
5.6 8 0.7
results of this study have been described in details in a pre-
vious publication [10]. H-MFI and H-MOR zeolites dis-
played a very strong activity, mordenite especially reached
an initial conversion of 65%. This catalyst was though de-
activated quickly, by deposition of coke on the Brønsted
sites. The MFI zeolite kept a relative activity for a longer
time. The H-Y zeolite had nearly no activity for this reac-
tion. To measure the intrinsic activity of these three zeo-
lites, we needed to shake off deactivation, and work at low
conversion.
In order to compare the cracking mechanisms, the selec-
tivities were measured at higher space velocities (WHSV
20–100 h−1) (table 1). Infrared spectra were recorded
simultaneously to verify that no coke was formed. In
these conditions, the reaction was of the first order for
n-hexane, the mechanisms were identical in first approx-
imation. CMR (Cracking Mechanism Ratios) [11] calcu-
lated from zero conversion extrapolated values show that
the mechanism was mainly protolytic for HMFI and HY.
Propagation mechanisms appeared with HMOR because of
the high conversion, and did not allow the study of the ini-
tial cracking mechanism. It was, however, clear that crack-
ing was initiated by protonation on all three samples, the
bimolecular mechanism gaining importance with catalytic
conversion [10]. The mordenite was by far the most active
and when there was no deactivation the activity ranking
was the following: H-Y < H-MFI < H-MOR.
3.7. Acidity–activity relationship
For zeolites differing in structure, the activity ranking
did not correspond to the acidity ranking measured by ad-
sorption of probe molecules at room or low temperature.
This difference was attributed to the microporous structure
of zeolites, that modifies considerably the environment of
the acid site compared to the situation on an open solid. The
influences of the geometric structure, such as confinement
effect, are probably much influenced by the temperature,
and can thus take a great importance in the interaction of
the acidic site with the guest molecule. The catalytic activ-
ity, measured at 673 K, is in agreement with the results of
acidity measurements performed with acetonitrile at high
temperature.
4. Conclusion
We have shown that the interaction of an acidic zeo-
lite with a probe molecule, characterized by infrared spec-
troscopy, varies significantly with temperature. The studies
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of the acidity of solids are usually performed at room or low
temperature, and are thus not well suited for the description
of the catalytic reactions observed at high temperature. It
has also been shown that the structure of zeolites influences
the protonation temperature of acetonitrile, and our study
allows a ranking of the acid–base interaction between vari-
ous zeolites and acetonitrile at temperatures close to that of
the reaction conditions. The apparent contradiction between
reactivity and acidity measured by infrared spectroscopy is
then removed: by adsorption of acetonitrile at high temper-
ature, we obtained an acidity scale coherent with the activity
observed in the cracking of n-hexane. Unfortunately, the
method can not be applied to catalysts containing a great
amount of Lewis sites, and still a probe molecule for which
the protonated species and the one coordinated to Lewis site
would lead to well separated infrared bands has yet to be
found. Finally, an efficient spectroscopic method for the
characterization of the acidity of zeolitic catalysts should,
besides the acid strength, take both the confining effects
and the temperature into account.
References
[1] (a) H. Kno¨zinger, in: Elementary Reaction Steps in Heterogeneous
Catalysis, eds. R.W. Joynerand and R.A. van Santen (Kluwer, Dor-
drecht, 1993) p. 267;
(b) J.A. Lercher, C. Gru¨ndling and G. Eder-Mirth, Catal. Today 27
(1996) 353.
[2] S. Jolly, J. Saussey and J.C. Lavalley, J. Mol. Catal. 86 (1994) 401.
[3] M. Maache, A. Janin, J.C. Lavalley and E. Benazzi, Zeolites 15
(1995) 507.
[4] L. Kubelkova, J. Kotrla and J. Florian, J. Phys. Chem. 99 (1995)
10285.
[5] G.A. Olah and T.E. Kiovsky, J. Am. Chem. Soc. 90 (1968) 4666.
[6] A. Corma, C.M. Zicovich-Wilson and P. Viruela, J. Phys. Chem. 98
(1994) 10863.
[7] J.F. Haw, M.B. Hall, A.E. Alvarado-Swaisgood, E.J. Munson, Z. Lin,
L.W. Beck and T. Howard, J. Am. Chem. Soc. 116 (1994) 7308.
[8] C. Bourdillon, C. Geguen and M. Guisnet, Appl. Catal. 61 (1990)
123.
[9] Y. Sun, P.J. Chu and J.H. Lunsford, Langmuir 7 (1991) 3027.
[10] S. Jolly, J. Saussey, A. Janin, F. Thibault-Starzyk and J.C. Lavalley,
J. Chim. Phys., in press.
[11] F.H. Wielers, M. Waarkamp and M.F.M. Post, J. Catal. 127 (1991)
51.
